We sought to investigate the relationship between abnormal expression of nitric oxide synthase (NOS) and pathogenesis of cerebral aneurysm. Brain tissues were collected from 36 patients with cerebral aneurysm confirmed by computer tomography with angiography or neurosurgical therapy. The control group consisted of 25 patients of similar age who had no vascular diseases, as confirmed by magnetic resonance imaging. Samples of cortical arterioles were collected. The structure of the aneurysms was detected by hematoxylin and eosin staining, and the expression of inducible NOS was detected by immunohistochemistry. NOS expression was significantly higher in the patient group than in the control group (patients: 30/36 strongly positive; control: 0/25 strongly positive; P < 0.05). In conclusion, the pathogenesis underlying cerebral aneurysm may be due to abnormal expression of NOS, degradation of the extracellular matrix, aggravation of a pro-inflammatory reaction, or a deficiency in arterial elasticity 4277 NOS and pathogenesis of cerebral aneurysm ©FUNPEC-RP www.funpecrp.com.br Genetics and Molecular Research 14 (2): 4276-4281 (2015) layer synthesis. These changes may result in a deficiency in vascular remodeling.
INTRODUCTION
Cerebral aneurysm is a kind of neurovascular disorder that occurs in the branches of cerebral arteries. If an aneurysm ruptures, it causes a subarachnoid hemorrhage, followed by cerebral thrombosis, and hypertensive cerebral hemorrhage. Cerebral aneurysms have high recurrence and cause mortality, which can seriously affect the health of the patients.
Cerebral aneurysms could be roughly divided into different groups according to the location of the tumors, namely, internal carotid artery, anterior cerebral artery, middle cerebral artery, basilar artery, or giant aneurysms (Schwenk et al., 2010; Michel et al., 2011) . Previous studies have reported that aneurysms that occur in the branches of the internal carotid artery account for 40% of all the cerebral aneurysms, with the most common site being branches of the posterior communicating artery. Aneurysms that occur in the branches of the anterior cerebral artery, including the anterior communicating artery, account for 30%, and those in the middle cerebral artery account for 20%, with the most common site being the trigeminal part. Aneurysms that occur in peripheral part of anterior cerebral and vertebral artery both account for 5% of all aneurysms. Multiple aneurysms often occur in branches of the middle cerebral artery, posterior communicating artery of the internal carotid artery, and ophthalmic artery (Golledge et al., 2010; Martinez-Pinna et al., 2010) .
Recently, there has been progress in the etiology of cerebral aneurysms; however, their pathogenesis is yet to be elucidated. At present, the change in hemodynamics and inflammatory response of the extracellular matrix, caused by atherosclerosis, are considered crucial in the occurrence of cerebral aneurysms. Some reports have indicated that high expression of nitric oxide synthase (NOS), mainly of inducible nitric oxide synthase (iNOS), due to external factors result in an increase in nitric oxide (NO). This could cause degradation of the extracellular matrix and carcinogenesis of cells (Seidel et al., 2010; van Kuijk et al., 2010; Ramos-Mozo et al., 2012) . In this study, we compared the expression of iNOS in tissue from various cerebral aneurysms to illustrate the abnormal expression of iNOS in the pathogenesis of cerebral aneurysms, and provide data for further research on the role of NOS in the pathogenesis of tumors.
MATERIAL AND METHODS

General information
The data from 36 patients from Qilu Hospital of Shandong University were collected and analyzed. All patients were diagnosed with cerebral aneurysm by neurosurgical therapy or computer tomography with angiography (CTA). The patient group included 12 cases of anterior communicating artery aneurysm, 11 cases of posterior communicating artery aneurysm, 7 cases of middle cerebral artery aneurysm, and 6 cases of internal carotid artery aneurysm. Twenty cases were males and 16 were females. The average age of the patients was 48.35 years (ranging from 17-62 years). The tumor tissue was collected by surgical operation. The control group consisted of 25 patients of similar ages and without vascular disease. All the patients in the control group had no vascular diseases, history of hypertension, hyperlipidemia, diabetes, or family history of vascular cancer. The cortex arteriole was collected from all patients of both groups. The structure of the aneurysm was detected by hematoxylin and eosin (H&E) staining and the expression of NOS was detected by immunohistochemistry. The protocol of this study was approved by the Qilu Hospital of Shandong University (Shandong, China). Informed consent was obtained from all subjects.
Reagents
Tissue lysis buffer was bought from Tiangen Biology Corporation. The antibodies were acquired from Santa Cruz Biotechnology. The reagents for H&E staining were bought from Dingguo Biology Corporation. The kit to detect the bioactivity of NOS was purchased from Roche.
CTA detection
All the patients received CTA examination to detect the location of the cerebral aneurysm and facilitate the operation. The CTA examination was conducted by the Radiology Department and they provided the data for analysis.
Preparation of pathological slides and analysis
The expression of NOS was detected by immunohistochemistry. The tissue slides were prepared in the Department of Pathology. They were fixed in 10% formalin and then dehydrated and paraffin-embedded. The slides were stained with H&E for 10 min and then dehydrated, cleared, sealed, and observed with a microscope. They were assessed using a double-score semi-quantitative integral method according to the number of stained cells and the strength of the dye. The scoring scheme for the number of positive cells was: 0 = <5%, 1 = 6-25%, 2 = 26-50%, 3 = 51-75%, 4 = >75%. The scoring scheme for the strength of the dye was: 0 = no dye, 1 = sundown, 2 = claybank, and 3 = sepia. The total score was determined by the sum of both. A score of 0 was negative (-), 1-4 was weakly positive (+), 5-8 was positive (++), >9 was strongly positive (+++).
Assessing NOS expression by immunohistochemistry
The expression of NOS was detected using the streptomycin-avidin-biotin-peroxidase complex (SABC) method. The procedure was performed following the routine method for SABC staining. The primary antibody dilution was 1:100.
Statistical analysis
Data are reported as means ± SD. Statistical comparison between groups was performed using an independent samples t-test. All data were analyzed in SPSS 11.0. The significance was set at P < 0.05.
RESULTS
Results of CTA
All patients received CTA examination, which showed the location and size of the tumor very clearly. Some of these results are shown in Figure 1 . 
Assessment of pathological changes in cerebral aneurysm
The results of H&E stain showed that significant changes occurred in the artery wall, in particular in the intima and tunica media, of the aneurysms; the typical three-layer structure disappeared. Fibrous thickening occurred in the intima, the cells in the intima reduced, and their continuity was interrupted. Muscular atrophy occurred in the tunica media, while infiltration of foam cells and lymphocytes significantly increased. The structure of the artery in the control group was normal. The endothelial cells were complete and uniform. The smooth muscle fibers in the tunica media were well-ordered and densely arranged, and no inflammation was detected. There was a significant increase in the score for NOS-positive cells and strength of dye in the patients compared with the control group (P < 0.05). The results indicated that the expression of NOS was significantly increased in the pathogenesis of cerebral aneurysms (Table 1) . 
Identification of the expression of NOS
The expression of total NOS between the two groups was statistically comparable; however, the expression of iNOS significantly increased in the patient group compared with the control group (Table 2 ; P < 0.05). 
DISCUSSION
Congenital deficiency of the cerebral artery wall and increase in the intraluminal tension result in a thin artery wall and an abnormal projection, forming a cerebral aneurysm. Cerebral aneurysms are mainly located in the bifurcation of cerebral artery and branches of the main arteries because these locations are susceptible to congenital deficiencies of the muscular layer and endure the strongest impact of blood flow. When subjected to long-term tension of blood flow, the weak point of the artery wall becomes projected and dilated, forming a cerebral aneurysm (O'Hare et al., 2010) . At present, the management of cerebral aneurysms includes medical and surgical treatment. Medical treatment is mainly used to treat un-ruptured aneurysms by relieving the stimulation to the aneurysm wall through controlling the risk factors associated with the pathogenesis of cerebral aneurysms (Chan et al., 2013) . Surgical treatment is a direct action on the cerebral aneurysm through medical devices, including clipping or ligation of the aneurysm neck, isolation of the aneurysm, and packing of the aneurysm wall. However, the etiology and progression of cerebral aneurysms are currently unclear. Many studies have indicated that the pathogenesis of cerebral aneurysms is related to changes in the expression of cytokines, such as nerve growth factor, transforming growth factor β 1, specificity protein 1, and matrix metalloproteinases (Hughes et al., 2005; Hoare et al., 2011; Wojtkowiak et al., 2011; Efthimiadou et al., 2014) . However, this has not been confirmed; therefore, the mechanism of the pathogenesis of cerebral aneurysm is yet to be elucidated.
Cerebral aneurysms could rupture at any time, depending on their specific location and characteristics. Psychentonia, emotional excitement, strain, or vigorous head exercise could result in a sudden rise in the blood pressure, causing the aneurysm to rupture (Bock et al., 2010) . In the present study, CTA was used to clearly locate cerebral aneurysms.
NO is a free radical that produces biological effects through reactions with superoxide and sulfhydryl compounds. It plays a crucial role in the physiology and pathology of the body. There are two forms of NOS in the body: constitutive NOS and iNOS. Constitutive NOS is a calcium ion-dependent enzyme, which is important in nervous signal transduction and has a short activity time. iNOS is a calcium ion-independent regulatory enzyme, which has a longer active time, increases under pathological conditions and is active in the process of cell death and carcinogenesis (Hughes et al., 2005; Bock et al., 2010) . Some studies have indicated no expression of NOS in endothelial cells and muscular cells under normal conditions; however, increased expression is seen under pathological conditions, resulting in a local increase of NO that may induce cell death and carcinogenesis (Seidel et al., 2010; Hoare et al., 2011) . In the present study, we studied the relationship between the expression of iNOS and pathogenesis of cerebral aneurysm. Our results indicated that the expression of NOS significantly increased in patients with cerebral aneurysms when compared with the control group. We speculated that NOS plays a role in the pathogenesis of cerebral aneurysms.
We focused on NOS because it is closely associated with tumors. The expression of NOS was detected in the cerebral aneurysms, indicating that the expression of NOS was increased in the pathogenesis of cerebral aneurysms. The results were similar to previous studies that suggest that the expression of NOS is increased in tumors; however, further research is needed to assess whether the overexpression of NOS would increase the ability of tumor cell proliferation and migration through the expression of its cell surface receptor.
